Purpose: To evaluate long-term efficacy and safety of ranibizumab for treatment of myopic choroidal neovascularization (mCNV) in clinical practice.
P athologic myopia (PM) is a leading cause of visual impairment with an estimated worldwide prevalence of 0.9% to 3.1%. 1 Asian populations have a higher prevalence of PM compared with white populations, with PM-related visual impairment reported to occur at a rate of 0.2% to 1.4% in Asian studies versus 0.1% to 0.5% in European studies. 1 The development of newly formed, pathologic blood vessels originating from the choroid, a process known as choroidal neovascularization (CNV), is one of the most common sight-threatening complications associated with PM. 2, 3 Between 5% and 11% of patients with PM will develop myopic CNV (mCNV). 1 Without treatment, the prognosis for mCNV is poor, with over 90% of affected eyes likely to have a progressive and irreversible deterioration of vision leading to blindness within 10 years. [4] [5] [6] Until 2013, verteporfin photodynamic therapy (vPDT) was the only Health Authority approved treatment for mCNV. Although studies showed that vPDT was more effective than placebo at stabilizing vision over 12 months, it did not improve visual acuity. [7] [8] [9] Since antivascular endothelial growth factor (anti-VEGF) therapy demonstrated superior efficacy over vPDT in terms of improvement in best-corrected visual acuity (BCVA), 10 it is now considered the first-line treatment for mCNV. 9, 11, 12 Ranibizumab, designed specifically for intraocular administration, was the first anti-VEGF therapy approved for the treatment of visual impairment due to mCNV in many countries worldwide. [13] [14] [15] [16] The efficacy and safety of ranibizumab was demonstrated in the Phase III RADIANCE and Phase II REPAIR clinical trials, where patients with mCNV treated with ranibizumab showed substantial vision gains. 16, 17 Although several studies have examined the longterm visual outcomes of mCNV treated with ranibizumab, most followed preestablished evaluation and treatment protocols. [18] [19] [20] [21] [22] [23] [24] [25] [26] This study provided an opportunity to understand how physicians were managing patients with mCNV previously treated with ranibizumab in clinical practice settings. Here, we assessed the real-world long-term effectiveness and safety of ranibizumab in East-Asian patients with visual impairment due to mCNV.
Methods

Study Design
This was a noninterventional, retrospective cohort study of patients with visual impairment due to mCNV in four East-Asian countries (Hong Kong, South Korea, Singapore, and Japan) who had participated in the RADIANCE trial, a 12-month randomized, prospective clinical trial comparing intravitreal ranibizumab treatment 0.5 mg (0.05 mL) (Lucentis; Novartis Pharma AG, Basel, Switzerland, and Genentech Inc, South San Francisco, CA) with vPDT. 16 Three groups of patients participated in the clinical trial: Group I received ranibizumab on Day 1, Month 1 and thereafter as needed as per visual acuity stabilization criteria, Group II received ranibizumab on Day 1 and thereafter as per disease activity criteria, and Group III was treated with vPDT on Day 1 and disease activity was treated with vPDT and/or ranibizumab from Month 3 onward as per physician criteria. In Asia, a total of 87 patients were included.
The study was approved by local ethics committees in each country and performed in accordance with the ethical standards of the 1964 Declaration of Helsinki. In Japan, all patients provided informed consent, whereas informed consent waivers were obtained for Hong Kong, South Korea, and Singapore.
An overview of the study design is illustrated in Figure 1 . Charts from routine clinical practice appointments of East-Asian patients who were previously treated with intravitreal ranibizumab during the RADI-ANCE trial were reviewed. Baseline was defined as the date of initiation onto the RADIANCE trial (between October 2010 and August 2012). 16 The post-RADIANCE observation period was defined as the period starting from the first visit after completion of the RADIANCE trial until the last follow-up visit available in the patient's clinical chart (charts were reviewed between December 2014 and June 2015). During the post-RADIANCE observation period, patients were treated as per clinical practice, without any restriction on the drugs or treatment regimens used to treat mCNV. Follow-up visits during the post-RADIANCE observation period were at the discretion of the ophthalmologists involved. The time points for follow-up visits during this period were defined as the nearest visit within ±3 months to the time point assessed. Time points were assessed at 18, 24, 30, 36, 42, and 48 months from baseline.
Study Population and Sample Size
Patients were eligible for inclusion in the study if they completed the RADIANCE trial, had at least one subsequent follow-up visit, had available medical records, and in Japan had provided written informed consent. Patients were excluded from the study if they had participated in any interventional study after the RADIANCE final visit.
Patients were categorized into 2 post-RADIANCE treatment groups: Group A, those who required additional anti-VEGF during the post-RADIANCE observation period and Group B, those who required no further treatment.
The power and the effect size were estimated based on the improvement of BCVA. The RADI-ANCE trial described a SD of baseline BCVA (pooled sample) of 13.3 letters and the final sample size for this study was 41 patients. Based on this and assuming a paired t-test (one tailed), this study had 90% power at the 0.025 level of significance to detect a mean improvement in the BCVA score of 7.0 letters or greater.
Outcomes of Interest and Data Collection
The primary outcome of this study was to describe the long-term effectiveness of ranibizumab about the mean BCVA change from baseline to each follow-up visit during the post-RADIANCE observation period. Bestcorrected visual acuity was reported in terms of Early Treatment Diabetic Retinopathy Study (ETDRS) letters. Secondary outcomes included the number, type and management of mCNV recurrences and identify predefined ocular adverse events (AEs) during the follow-up period.
For the purposes of this study, recurrences were defined as any sign of leakage or intraretinal or subretinal fluid as assessed by fluorescein angiography and/or optical coherence tomography after a period of 3 months without any sign of disease activity. Recurrences were classified as: 1) reactivation of a previously regressed CNV (i.e., lesion at the same location) or 2) newly formed CNV (i.e., lesion at different location than previously observed).
Demographic and clinical variables at baseline were retrieved from the original RADIANCE trial. Followup data were retrieved from patients' medical records for each of the visits to the ophthalmologist during the post-RADIANCE observation period. Data included BCVA, eye assessments, mCNV recurrences, therapeutic procedures and treatments due to mCNV, and ocular AEs. For the purposes of this study, any recorded Snellen fraction or decimal were converted to approximate ETDRS letters score to standardize measurement units. 27, 28 
Statistical Analysis
Statistical analyses were conducted using SAS version 9.2 (SAS institute INC, Cary, NC). Patients were analyzed according to both the overall patient group and for each defined post-RADIANCE treatment group. Descriptive statistics for continuous variables were reported as mean, SD, and range and categorical variables were expressed as frequency and proportions with 95% confidence intervals.
The mean BCVA change from baseline visit to each follow-up visit during the post-RADIANCE observation period was reported and assessed using paired t-tests (one-tailed). P-values ,0.05 were considered statistically significant. Best-corrected visual acuity was pooled to report proportions of patients in categories of change (gain or loss of $15 letters and gain or loss of $10 letters) with 95% confidence intervals.
The proportion of patients for each category of mCNV recurrence was reported as well as the total number, mean, and annualized rate of recurrences. Annualized rates were defined as the number of recurrence events divided by the total person-years. The proportion of patients receiving further treatments during the post-RADIANCE observation period was reported by type of drug administered. The mean and total number of injections administered to patients to treat mCNV during this period was determined. The proportion of patients who continued to receive solely ranibizumab treatment and the proportion who switched to other anti-VEGF agents during the post-RADIANCE observation period were reported. For each defined ocular AE reported, the proportion of patients by severity grade, its relationship to treatment, and serious adverse events were determined.
Results
Patient Demographics
Of the 267 patients who completed the 12-month follow-up in the RADIANCE trial, 87 patients were from the four participating countries in this study. A final of 41 patients were eligible for inclusion in this analysis ( Figure 2 ): 7 (17.1%) from Hong Kong, 16 (39.0%) from Japan, 9 (22.0%) from South Korea, and 9 (22.0%) from Singapore. A total of 34 patients (82.9%) required no further treatment during the post-RADIANCE observation period (Group B). Baseline demographic and clinical characteristics of the included patients are described in Table 1 . For the overall patient group, the mean age at baseline was 55.1 years (SD 13.5, range 24.0-87.0), and most patients were women (80.5%) and Japanese (39.0%), or Chinese (36.6%). The mCNV was observed in 27 left eyes (65.9%) and 14 right eyes (34.1%). Baseline mean BCVA in the study eye was 56. 
POST-RADIANCE FOLLOW-UP IN EAST-ASIAN PATIENTS TAN ET AL
The mean number of follow-up visits during the post-RADIANCE observation period was 8.4 (SD 6.5, range 1.0-28.0) for the overall patient group, 19.1 (SD 5.2, range 13.0-28.0) for patients in Group A, and 6.2 (SD 4.0, range 1.0-15.0) for patients in Group B. The mean follow-up during the post-RADIANCE observation period was 29.4 months (SD 11.1, range 2.8-42.8) for the overall patient group, 37.0 months (SD 3.9, range 30.8-42.6) for Group A, and 27.8 months (SD 11.5, range 2.8-42.8) for Group B.
Visual Acuity Assessment Figure 3 describes the mean change in BCVA letters at each defined time point from baseline. In the overall patient group, the mean BCVA ± SD improved significantly from baseline by +14.3 ± 11.4 letters at 12 months (completion of the RADI-ANCE trial) (n = 40, P , 0.0001), +10.4 ± 22.3 letters at 24 months (n = 31, P = 0.0143), +11.0 ± 22.4 letters at 30 months (n = 29, P = 0.0134), +12.9 ± 20.9 letters at 42 months (n = 25, P = 0.0051), and +16.3 ± 18.7 letters at 48 months (n = 16, P = Figure 4 . For patients in Group B, the mean BCVA ± SD improved significantly from baseline by +15.4 ± 12.2 letters at 12 months (,0.0001), +12.4 ± 22.5 letters at 24 months (P = 0.0126), +12.6 ± 22.9 letters at 30 months (P = 0.0173), 14.9 ± 22.9 letters at 42 months (P = 0.0134), and +19.4 ± 20.6 letters at 48 months (P = 0.0153). In Group A, the change in BCVA letters did not meet statistical significance at any point during the post-RADIANCE observation period. Figure 5 shows the proportion of patients in each categorized BCVA change group at different time points. At the end of the RADIANCE trial (12 months of follow-up), 40 patients overall had available data, of which 28 (70.0%) gained $10 letters, 19 (47.5%) gained $15 letters, and 2 (5.0%) lost $10 letters. After 24 months of follow-up, 31 patients overall had valid data of which, 18 (58.1%) gained $10 letters, 14 (45.2%) gained $15 letters, and 6 (19.4%) lost $10 letters. Of the 16 patients overall who reached 48 months of follow-up, 10 (62.5%) gained $10 letters, 9 (56.3%) gained $15 letters, and 2 (12.5%) lost $10 letters.
mCNV Recurrences
Frequency and type of mCNV recurrences during the post-RADIANCE observation period are described in Table 2 . In the overall patient group, four patients (9.8%) had a total of six episodes of recurrences during this period; two patients (4.9%) had reactivations of a previously regressed mCNV and two patients (4.9%) presented with newly formed mCNV. Two patients (4.9%) had one episode of recurrence and two 
POST-RADIANCE FOLLOW-UP IN EAST-ASIAN PATIENTS TAN ET AL
patients (4.9%) had a second recurrence episode. No patients had a third recurrence. Overall, the annualized rate of mCNV recurrences was 0.06 recurrences/year. Two patients (4.9%) reported having mCNV in the fellow eye during the post-RADIANCE follow-up period, however, in both cases the diagnoses was before the post-RADIANCE study. No patients were diagnosed with new mCNV in the fellow eye during the post-RADIANCE observation period.
Treatments Administered
Only seven patients (17.1%) received further treatment during the post-RADIANCE observation period (Group A), of whom four (57.1%) were treated solely with ranibizumab and three (42.9%) switched to other anti-VEGF agents. Six patients (85.7%) received ranibizumab during this period, one (14.3%) received aflibercept, and two (28.6%) received bevacizumab off-label. No patients were treated with vPDT, laser photocoagulation, or any other therapy during this period (Table 3) . Patients requiring additional anti-VEGF treatment during the post-RADIANCE observation period received a mean of 5.0 injections (SD 5.9, range 1.0-18.0).
Ocular Adverse Events
Overall, five patients (12.2%) experienced ocular AEs; four patients (9.8%) had mild ocular AEs and two patients (4.9%) had moderate ocular AEs. Seven ocular AEs were reported overall; six were cataracts and one was glaucoma. No ocular AEs were considered serious or related to the anti-VEGF treatment.
Discussion
The RADIANCE trial demonstrated the efficacy and safety of ranibizumab in patients with mCNV over 12 months and consequently ranibizumab became the first anti-VEGF agent approved for the treatment of mCNV. However, long-term data on the treatment of mCNV with ranibizumab, especially within a realworld setting, are lacking. The results presented here demonstrate the long-term effectiveness and safety of ranibizumab for the treatment of mCNV. Patients with mCNV treated with ranibizumab maintained good visual outcomes for up to 48 months of follow-up within clinical practice settings.
The main limitations of our study were its small per country sample size, the low number of patients who completed the final visit at Month 48 and the retrospective nature of the study. Furthermore, since the patients included in this study were a subsample of the East-Asian patients from a randomized clinical trial, the selection criteria in the clinical trial may not be representative of patients with mCNV in the general population. In addition, nine patients received a single vPDT treatment before receiving ranibizumab during the RADIANCE clinical trial. Another limitation of a retrospective study such as this was that post-RADIANCE assessments were taken ±3 months from the time point in question. Intervals between visits for patients not in receipt of treatment were likely to be longer (than those being treated), therefore a broad window was necessary to ensure that these patients had a reasonable potential to contribute data to the assessment points of the study. Although efforts were made to use data collected as close to the time point as possible, this limitation should be considered in the interpretation of the results.
Despite these limitations, our study supports the current data available regarding the long-term effectiveness of anti-VEGF therapies in patients with mCNV. Several studies on the treatment of mCNV with ranibizumab report good visual outcomes over more than 12 months of follow-up, 18, [20] [21] [22] [23] [24] [25] [26] 29, 30 but most follow preestablished treatment protocols. A Portuguese case series on 39 eyes reported a mean BCVA gain of 8.0 ETDRS letters after 3 years of follow-up with 35% of patients gaining $15 letters after this time period. In their study, 53% of eyes did not require further treatment during the third year of followup. 18 In our study, we observed both a greater proportion of patients who no longer required treatment after 12 months and a higher mean visual acuity gain after 48 months. Although caution must be used when drawing comparisons with other studies at this time point, with only 16 patients in our study reaching 48 0.14 0 mCNV activity was only considered a recurrence if a patient had no evidence of mCNV activity or mCNV treatment during the previous 3 months. Signs of mCNV activity within a period of 3 months were considered part of the previous episode. The annualized rates were defined as the number of events divided by the total person-years. mCNV, myopic choroidal neovascularization; VEGF, vascular endothelial growth factor.
months of follow-up, possible reasons for our superior outcomes may be considered. One such reason may be the different ethnicities studied. Our study focused solely on East-Asian patients, whereas the Portuguese study would have consisted primarily of white patients. Evidence from a subgroup analyses of the RADIANCE trial by Holz et al 31 has shown that East-Asian patients tend to achieve higher BCVA gains than white patients over 12 months (17.0 vs. 14.1 letters). Another possible reason may be that a third of the eyes in the Portuguese study had previously received vPDT, compared with 22% of eyes in our study. Eyes treated with vPDT before ranibizumab could achieve a lower gain in BCVA than eyes treated with ranibizumab alone, as demonstrated after 12 months of follow-up in the RADIANCE trial. 16 However, because some studies showed that the therapeutic effect of ranibizumab on mCNV eyes was independent of previous vPDT 30 or even associated with better visual outcomes when used in combination with vPDT, 32 this explanation remains inconclusive. Other European studies on mCNV treated with ranibizumab have also reported good but lower longterm visual acuity gains compared with our study. A small single-centered Swiss study on 24 eyes by Ladaique et al 21 observed a mean gain of 10 letters after a mean follow-up of 49 months, whereas a case series of 24 eyes by Ruiz-Moreno et al 23 observed a lower mean gain of 4.3 letters after 48 months of follow-up, but no statistically significant improvement was demonstrated after 48 months. 24 Several Asian studies have reported good visual gains in mCNV eyes treated with ranibizumab over 2 years. 22, 25 One Chinese study on 54 eyes observed a substantial mean gain of 17 letters after a mean follow-up of 31.9 months, with 55.5% of patients treated gaining more than 15 letters over this time. 26 The mean BCVA gain was higher than our observed BCVA gain after 30 months of follow-up, but similar to what we reported after 48 months of follow-up. This similarity is interesting considering that the mean baseline BCVA in the Chinese study (30.4 ± 15.9 letters) (20/250) was much lower compared with that in our study. A number of studies have shown that patients with lower initial BCVA exhibit greater visual gains with anti-VEGF treatment, but a higher baseline BCVA can result in a higher final BCVA after treatment. 19, 22, 33, 34 Furthermore, some studies have shown that age at baseline is negatively associated with both BCVA outcome and BCVA change in patients with mCNV after treatment with anti-VEGF therapy. 23, 33 In the Chinese study, the mean baseline age was 10 years younger than in our study.
To our knowledge, only one other study has demonstrated the long-term outcomes of patients with mCNV treated with ranibizumab within a clinical practice setting. As in our study, Cohen et al 29 retrospective analyses of 51 patients in a tertiary care center in France did not follow preestablished follow-up treatment protocols. However, unlike our study, patients previously treated with vPDT were excluded and only patients treated with ranibizumab were included. Cohen et al reported a mean visual gain of 7.6 ± 15.6 letters after a mean follow-up of 39.3 ± 11.3 months but also found that 41% of eyes experienced a decline in BCVA during the follow-up period. 29 Although we did not assess the overall proportion of eyes that experienced a relative decline in visual acuity during the follow-up period, we did find that only 12.5% of patients lost 10 letters or more after 48 months. Although patients were treated according to the retreatment criteria defined in the RADIANCE study protocol during the first 12 months, from 12 months to 48 months patients were treated at the discretion of their ophthalmologist. The number of mCNV recurrences during this period was low and demonstrated that patients treated with ranibizumab rarely required retreatment. Patients who developed mCNV recurrences received further treatment after 12 months (Group A). This suggests that they may have had a more aggressive disease than those who required no further treatment (Group B), which may explain their relatively lower visual acuity gains. However, studies have shown that despite the suppression of mCNV, the long-term visual acuity outcome of affected eyes treated with anti-VEGF agents was dependent on the progression of macular atrophy, [35] [36] [37] which was not assessed in this study. Alternatively, the lower visual acuity gain may simply be due to Group A patients having a higher initial BCVA than Group B patients and thus had less scope for improvement with treatment. Furthermore, a higher proportion of Group A patients was previously treated with vPDT during the RADIANCE trial compared with Group B patients. As mentioned above, patients who were treated with vPDT during the RADIANCE trial experienced lower visual acuity gains after 12 months than patients treated only with ranibizumab. 16 However, caution must be used when interpreting the disparities in visual acuity gain between the groups due to the low number of patients who required further treatment.
At 36 months, the change in mean visual acuity from baseline was not statistically significant; this result seems to be driven by those patients who required further treatment. This finding is unusual, considering the increase in visual acuity which followed from Month 36 to 48. 38 After 36 months, we observed a continued rise in visual acuity. These findings are in contrast to those of a long-term retrospective study on 13 eyes by Martins et al who attributed their observed fall in visual acuity after 36 months to the development of macular atrophy around the regressed mCNV. 36 However, because we did not assess macular atrophy progression nor other treatments that may have influenced visual acuity outcome during the course of our study (e.g., cataract extraction), the reasons for this upward trend in visual acuity cannot be interpreted.
We found that few injections of ranibizumab were sufficient to provide long-term improvement in BCVA in mCNV eyes. This was in accordance with other studies that demonstrated good visual outcomes using a low number of ranibizumab injections. 39, 40 Indeed, a study by Kung et al found that visual outcome was similar regardless of whether mCNV eyes were treated with a single ranibizumab injection followed by treatment on a pro re nata basis or with a loading dose of three monthly injections plus pro re nata treatment. 41 However, a much lower rate of retreatment was found in patients who had this loading dose.
No new safety concerns were observed during the post-RADIANCE observation period and the low incidence of ocular AEs, of which none were considered to be related to the anti-VEGF therapy received, supports the well-known safety profile of ranibizumab in clinical practice. However, safety conclusions should be interpreted with caution due to the limited sample size.
In conclusion, BCVA gained at the end of the RADIANCE study was generally sustained over an additional 36 months of follow-up in East-Asian patients in clinical practice settings. Most patients did not require any further anti-VEGF treatment during this time, and no new safety concerns were observed.
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